We point out that if a certain variant of "Quirks", particles that carry ordinary color and some other color' exist, then we can have a completely novel and efficient mode of long distance communications and of acceleration to very high energies. For very low scale Λ ′ the scale of the new gauge group in the theory, and associated string tension of the new color' the Quirks can be captured in ordinary materials. Having then the Quirk Q' and anti-QuirkQ ′ in two separate piezoelectric crystals at arbitrarily far out points A and B allows Alice and Bob at these locations to communicate by generating transverse waves along the connecting color' string. Also releasing the Quirks allows them to collide at extremely high energies.
Introduction
All known elementary particles fit in the framework of the standard model(SM). Hopefully the LHC (Large Hadron Collider) will reveal new physics and new particles associated with spontaneous breaking of the SU(2) L × U(1) of the standard model. At present after the runs at 7 and 8 TeV there is no evidence for such new physics and the only particle discovered -the scalar at 126GeV -looks very much like the SM, Brout-Englert-Higgs, boson. This suggests paying more attention to the possible discovery of unexpected new particles and interactions.
Such discoveries may broaden our prospective and provide deeper insight. Here we point out that a particular new such particle may have fantastic technological implications as well.
In reversing the question "Who ordered it?" asked by I.I. Rabi after the muon was discovered, which with the masses and mixing of the other leptons the quarks still awaits deeper explanation, let us ask: What features should a new particle have if it were technologically useful? (so that ordering it is worthwhile).
An obvious requirement is longevity. Indeed all particles discovered over the last 50 years are short lived. This is particularly unfortunate in the case of the muon. Had it been sufficiently long lived, it could be used to catalyze fusion. A muon replacing one of the two electrons in a molecule of DT pulls the nuclei to distances 200 = m(µ)/m(e) times smaller than the usual separation of 1/(m(e)α) = r Bohr ≈ 0.510 −8 cm. This reduces the tunneling barrier between the nuclei and dramatically accelerates their fusion. However in some D + T → He + n reactions the muon remains bound to the newly formed α. This and the short, 2.2 microsecond, lifetime reduces the efficiency of muon catalyzed fusion to bellow the break-even point.
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Another requirement is that it be produced in accelerators, by cosmic rays or be otherwise available. Future technologies may allow reaching energies far higher than the ∼ 10 4 GeV of the LHC. Thus a second requirement is that the new particle X be relatively light 2M(X) ≤ f E max where E max is the maximal energy achievable at any given epoch (the factor 2 is there because the X particles are usually pair produced and the extra 'fudge ' factor f ≤ 1 is there because for proton colliders the p.d.f.'s, the parton distribution functions reduce the actual energy available in say gluon-gluon collisions. Using what is available now the bound is M(X) ≤ (1 − 3)T eV .
Production in hadron machines such as the LHC, is optimized if the new X particle carries ordinary QCD color though just as in the case of the Higgs particle it could also be produced weakly via vector boson fusion-albeit with a smaller cross-section.
Finally we should be able to control and manipulate the particle which means that it should couple to ordinary matter and/or electromagnetism.
Clearly the above are necessary conditions. Since only a handful of the new particles are usually produced -far smaller than the typical Avogadro number of atoms or electrons in ordinary macroscopic material samples, there may be too few X particles to allow practical implications.
In addition we need to satisfy many particle and astro-particle physics constraints.
The physics framework in which the X particle is introduced should not break exact gauge symmetries and should be part of a consistent theory with no "Anomalies" of various types.
Differently stated the theory should have a good ' Ultra-violet" completion-which is in particular the case for asymptotically free theories.
Many other constraints follow from the demand that the new X particle and/or additional particles associated with it will not spoil the successful predictions of the standard cosmological scenario:X and X should annihilate efficiently and early enough so as not to exceed the fraction Ω(CDM) ∼ 0.2 of the critical energy density and not distort the precise Planck CMB Cosmic Microwave background spectrum. Also if other light particles come along with X, they should contribute at most the equivalent of half a light neutrino at the time of big bang nucleo synthesis and if these light particles are stable remnants then the latter should not lead to over-closure or unacceptable forms of dark matter.
Finally we need to verify that particles produced in high energy cosmic ray events do not leave observable relics which should have already be seen.
The following in not a systematic search for useful particles in the space of all reasonable beyond the standard model physics scenarios. Rather we note that particles which may fit all the above requirements have already been suggested. Over the years various existing or hypothesized particles with potential technological use have been encountered. Neutrinos, in particular intense high energy neutrino beams with large penetration lengths were suggested
[?] for whole earth tomography or more local yet deep geological surveying [?] . The magnetic monopoles are time honored stable theoretically highly motivated particles that could indeed have far reaching applications. However the likely high(∼ 10 17 GeV ) mass of such particles in a GUTs (Grand Unified Theories) context and the exponentially suppressed cross-section for their production in colliders [4] are severe obstacles. Small, rotating black holes of masses ≥ 10 15 gr are stable against Hawking radiation and if towed to given controlled location could be a depository of dangerous waste and a clean source of energy. Despite their tiny Fermi size these are not regular elementary particles and certainly cannot be produced at the LHC.
"Quirk" -denoted here as Q ′ s-were introduced by Luthi [5, 6] . Our study [?] [8] suggested that a subset of Quirk models with properly chosen one parameter all the above constraints can be satisfied. The Quirks were introduced as " why not?" particles, not motivated by any theoretical arguments, but not ruled out either. For sub T eV masses the Quirks can be produced at LHC with reasonable rates and have dramatic signatures. However the LHC triggers optimized to search other more motivated particles such as super-symmetric partners, may miss these signatures.
The new observation that is our focus here is that if the scale of the new "Quirky" color is low enough,≤ 100eV which may be required by other considerations, then even few Quirks can be useful. When captured inside appropriate grains the strings connecting them may provide direct point to point long distance contact with no 1/R 2 fall-off with distance which limits all presently known forms of communication.
In the next section, we briefly review Quirks and their particle-and astro-particle phenomenology. In particular we discuss at some length the unique features of the residual light glue-balls gb's associated with the low scale new gauge theory.
In Sec III we indicate how one might use the Quirks and the color' string connecting them for a novel mode of point to point unattenuated communication and discuss possible sources string damage and of noise. For the SU(3 ′ ) variant of the Quirk model, string networks for many parties communications may be possible.
In Sec IV we elaborate another possibility of accelerating the Quirks and matter attached to it to extremely high energies.
Sec V presents some further discussion of Quirks at the LHC.
In Sec VI we discuss shortly models for the Quirk mass and the ultra dense matter that 
Apriori there is no connection between the scale of a confining theory and the masses of the particles in its fundamental representation. Thus the mass of the top quark is almost 10 3 times Λ(QCD). The scale at which the running coupling of the gauge theory becomes strong ∼ 1 has the form Λ ∼ exp −b 0 /g 2 with g a coupling at some high scale and b 0 is the first term in the weak coupling expansion of the β function of the theory. If we start SU ′ (N ′ = 3) with a weaker coupling g ′ at the high scale ,or use the same coupling but choose N ′ = 2, then much longer running is required for g ′ to become strong and Λ ′ can be tiny.
In the following we assume that Λ ′ is indeed tiny:
Λ ′ is ∼ 10 11 times smaller than the the Quirk mass. While appearing artificial this does not require fine tuning. We do however need a mechanism for generating the large Quirk mass an issue which we will briefly address In Sec V.
The rate of quirk production at LHC is N ′ times that of a heavy quark of the same mass.
The QCD cross-section was calculated for cm energy W = 13T eV to several loops [10] It varies between 10 −35 cm 2 and 10 −37 cm 2 for M(X) = (1 − 3)T eV respectively.
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In 10 years of operation with integrated luminosities of 10 42 cm −2 the LHC will collect 10 17 p-p collisions at center mass energy of W = 13T ev. This is roughly the number of interactions at energies ≥ 10 17 eV (the fixed target equivalent of 13 TeV center mass energy) of cosmic rays (C.R s) falling on a square kilometer during a year, making the LHC a better place to look for Quirks. For M(Q ′ ) ≥ 10T eV future accelerators at 10 times enter mass energies or 100 times higher C.R equivalent energies will be relatively better yet. This is so in particular if, as the AUGER experiment suggests, the UHE CR's are Iron nuclei with only 1/56of the energy per nucleon. That the collisions at LHC happen at beam intersections inside the (very!) well instrumented CMS and ATLAS detectors is clearly another very important factor.
An important advantage for the technological application which require finding and picking up the Quirks is the shorter range of the stopping quirks from the LHC as compared with the ∼ 10 3 times longer penetration depths into earth of the CR produced Quirks of 10 3 − 10 4 higher laboratory energies. 4 Because of interest in SUSY partners extensive calculations of the production of squarks of various masses and at many energies have been done in great detail. Quirks cross-sections can then be readily inferred by multiplying by 2N ′ to account for the effect of spin and the extra multiplicity due to color'.
During earth's lifetime a sufficient number of such heavy particles can be produced by UHE C.R. If they bind to nuclei they would manifest via a tiny admixture of anomalously heavy isotopes. Making sure that this does not exclude various quirk models and those that we will be interested in particular is one of the many points that have to be addressed.
Subsection (ii)
An important observation [?] is that both Q ′ s andQ's can bind to medium-heavy nuclei via the following steps:
Step a)TheQ ′ and Q ′ produced at the LHC or at the top of the atmosphere by cosmic rays, have relative momenta P and kinetic energy in the center mass Lorentz frame of the
. QCD and SU(N ′ ) flux-tubes/ strings connecting them eventually form.
Step(b) After only a ∼ 1 − 2F ermi separation aūu,dd and in 1/10 of the cases ass quark pairs are generated breaking the QCD string. The Q ′ s picks up theq forming a supperheavy ?meson?:M = Q ′q and theQ ′ binds the q making the conjugate meson M =Q ′ q.
We use q for light up u, down d and strange quark s flavors.
The single most important feature and a key to all the following is that the remaining SU(N ′ ) string between theQ ′ and Q ′ never breaks. This is so because the lightest particles carrying color' are the Quirks with a large mass: M(Q ′ ) ∼ 10 11 Λ ′ . String breaking requires creating a Q ′Q′ pair forming the two ends of the two new strings. Even for long strings with total energy exceeding 2M(Q ′ ) this pair creation is impossible. Local color conservation implies that the creation of Q ′Q′ happens locally and only an energy ∼ Λ ′ is locally stored a string bit of natural length:
Indeed Schwinger's formula for producing electron-positron pairs in a uniform E field [11] adapted to the Chromo-electric flux tube in QCD [12] yields a truly tiny rate: Distance to turning point
Once the distance r betweenQ ′ Q ′ becomes smaller than a ′ = 1/Lambda ′ we have a
Subsection (iii)
The subsequent evolution of theM ′ M ′ system is very different depending on where the initialQ ′ Q ′ production event took place -in vacuum via the collision of an UHE CR with the interstellar medium, in the atmosphere or in LHC detectors.
(a)In vacuum the conserved low l = 0, 1 relative (cm) angular momentum of the formed Eventually the ground-state is reached where the Q ′Q′ efficiently annihilate.
The quirks move with a velocity which for most of the oscillation period is a size-able fraction of the speed of light. The time for traveling the total distance of (10 3 − 10 4 )d T.P required for the slowing down and Quirkonium formation is then:
This time is in theQ ′ Q ′ system which is close to the (p − p) proton -proton collision or the lab frame for the LHC. For fixed target production in cosmic ray collisions this time is prolonged by the Lorentz factor γ = M(Q ′ )/m(N) = 10 3 − 10 4 so as to become:
[?] where the lower and higher times are relevant to the case of Λ ′ = 100eV and Λ ′ = 1eV
respectively. {foot-note We discussed at length [7] the shortening of the SU(N ′ ) string leading toQ ′ Q ′ annihilation in the early universe after the SU(N ′ ) confining phase transition. The Q ′ s are much slower than the case discussed above and start at much shorter relativeQ ′ Q' separation. Also the frictional drag due to interactions with the g ′ g ′ , the glue-balls of SU(N ′ )
which we denote as gb ′ s is important. We found that this latest third stage of annihilation does indeed reduce the relic Q ′ densities to acceptable levels (b)When produced at the top of the atmosphere or at the LHC The Quirks interact with the air, with matter inside the detector and eventually with water or Rock materials. 
we find that the Q ′ stops after 100meter − 100Km for the case of LHC and Cosmic ray produced Quirks in stopping time of t stop = 10 −6 − 10 −3 Sec respectively.
We note that the charges at the two ends and the corresponding energy losses dE/dx via ionization become different after charge exchange interactions. Also the nuclear interactions of the anti-quarkq and hence of theM ′ heavy meson with nucleons are stronger than those of a quark q or the M ′ meson. The corresponding different rates of slowing down then increases the separation between the M ′ andM ′ at ends of the string when the latter eventually stop. the surface of the (A, Z) nucleus where it can still benefit from the attractive interaction and experience less of the repulsive shorter range interaction. This attraction is largely diluted by not having a sharp nuclear surface but rather a gradually decreasing density over a distance of ∼ 2F ermi. Still our estimates [14] suggest that this yields a bound state -albeit with much weaker binding than that of anM . 
Subsection( vi)
the nuclei to which the Q ′q andQ ′ q bind are part of atoms and in rock, (but not in ocean water!), the atoms can be part of a lattice. The binding of the high Z atom to it's equilibrium location there can be 100eV or more. For a 2Angstrom lattice constant only force exceeding:
6 single π exchange is forbidden by parity can pull the atom and the Q' in it out of the lattice. For
and string tension:
The constraint is satisfied. We will consider the range 100eV ≥ Λ ′ ≥ 1eV and quote results for various choices of Λ ′ in this range. In particular we find for Λ ′ = 1 − 100eV ,
respectively.
Subsection (vii)
we next turn to the various constraints that the Quirk model should satisfy and verify that they do indeed hold:
a) The mew SU(N ′ ) is asymptotically free. Also adding N ′ = 2 − 3 color triplet Quirks does not modify for M(Q ′ ) ≥ T eV the observed running of α(QCD) and keeps QCD asymptotically free.
b) Too many relic quirks remain after the early annihilation into gg or g ′ g ′ pairs at freeze-
x with x ∼ 20 and we need to verify that their abundance is further reduced. Indeed after color confinement at T con ∼ Λ(QCD) = 200MeV further annihilation can follow the Q ′q +Q ′ q →Q ′ Q ′ +qq rearrangements. These indeed dramatically reduce the co-moving Quirk number densities so that any later annihilation after t ∼ Sec or temperature T ≤ MeV cannot modify the successful standard big bang prediction for the abundance of light nuclei.
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Much later when the temperature of the gluon' g ′ gas is:
The Coulomb attraction betweenQ ′ and Q ′ due to g ′ exchange crosses over to the constant pull of the SU(N ′ ) string and the remaining Q ′ andQ ′ s or theM ′ and M ′ mesons get confined on a ′ = Λ ′−1 scales.
As shown in some detail in [7] , this eventually brings the Q ′ andQ ′ which did not bind to heavy nuclei close together so that they efficiently annihilate. The net result is to reduce the number of surviving Q's and satisfy all limits.
For SU(2) ′ we could have in addition to the Q ′Q′ mesons Q ′ Q ′ bosonic baryons of the same mass. However since at short distances the Coulomb color interactions are much stronger than those of color' these di-Quirks are in l = 0, in relative s-wave, wave function forming the color anti-symmetric combination which is a3 of ordinary SU(3) c . Also the one gluon exchange QCD interactions is more attractive when in ordinary spin space the two quirks are in the symmetric S = 1 state. To ensure overall anti-symmetry the Quirks must then be symmetric also in the internal SU(2 ′ ) color and therefore be triplet of of color'. These will form ?Quirky ? Q ′ Q ′ q heavy baryons B ′ which are color singlets but carry the fractional charges of the quarks and are SU(2 ′ ) triplets Eventually when SU(2 ′ ) confines these will pick up a g' the triplet gluon' to make also color' singlets. Too many relics of this type are avoided by the rearrangement processes:
For N ′ = 3 We can form, albeit more rarely, analog of QCD baryons by combining three Also the would be color' strings connecting such baryons at long distances can be screened
Finally for very massive Q ′ the Q ′3 baryons are almost point like color neutral object largely suppressing the residual nuclear interactions. The baryon's need not then form heavy isotopes whose abundance is experimentally limited and their number density is small enough so that they do not constitute dark matter. This indeed should be the case as string may disable standard search and separation methodologies.
Thus, if one string end is attached say to aQ ′ under the ocean floor, boiling the ocean water in which the Q ′ say, resides , will not evaporate it due to the much stronger pull of the string. Searching for anomalous isotopes by repeated boiling and condensation followed by mass spectrometry may then fail for the particular case of Quirks and therefore all previous limits may be inoperative.
An interesting curiosity is that if one sayQ ′ end of the string is stuck in some rock at the under the ocean or near lake then the partner Q ′ at the other end is likely to be near the bottom or more generally near the edge of the body of water. It can be stuck there temporarily or permanently depending on the value of σ ′ the string tension and the hardness of the material. Searching in this location may then be more likely to find or to put stronger bounds on the Quirks.
3 Subsection(viii) the residual glue-balls of the SU (N ′ )
At the color' confinement phase transition the temperature drops to
-balls which we denote by gb ′ s. We distinguish the temperature T' in the SU(N') sector from that in the ordinary SM sector (T). These temperatures can be different as the interactions between the sectors are negligible. Indeed as emphasized in above the channeling of all the entropy of the many degrees of freedom into the photons and neutrinos makes the temperature T of the CMB larger than T ′ :T ∼ 2.4T so that if the gluon's would not have been confined their present density would be n(g
The lightest among the gb ′ s is a J P,C = 0
for Λ ′ = 1 − 100eV . From now on (gb') refer mainly to the 0 ++ lightest glue-ball.
The large ratio m(gb ′ )/T ′ crit = 7 suggests that the number density of the gb ′ s remaining after the confinement phase transition is finished will be lower than the number of the g ′ gluons prior to the phase transition at T ′ = Λ ′ . An importance question both for the viability of the Quirk models in the first place and for the technological applications suggested, is how small the ratio n(gb ′ )/n(g ′ ) really is?
Simplistic arguments using energy conservation would suggest that
For SU(3 ′ ) the phase transition is of first order. Bubbles of the new phase with a G
condensate and confined blue-balls initially formed in the background of the g ′ s in the unconfined phase grow, leaving eventually island bubbles of the "wrong vacuum" of the unconfined phase. This may allow for complications and subtle effects of gravity which we do not fully appreciate.
The fact that the g ′ − gb ′ system is strongly interacting and in thermal equilibrium suggests-if we can neglect interactions in some approximation -that both are described by
Bose -Einstein distribution. The Boltzmann exp (−E/T ′ ) factor implicit in this distribution suggests that the number density n(gb ′ ) of the glue ball' is lower than that of the gluons g' forming them by :
With the original g ′ s number density being half that of a neutrino namely :
we then have :
depending on which estimate among the above two we use. Using these two number densities and with m(gb ′ ) = 7 − 700eV we find that the energy density of the gb' shortly after the phase transition ranges over
Over most of this range the density is much smaller than that required if the gb ′ s constituted the dark matter with ρ(DM) = 0.2ρ(critical) = 2.5KeV cm −3 .
This is important since the gb ′ s do not seem to be acceptable dark matter.For the assumed Λ ′ = 1 − 100eV and m(gb ′ ) = 7 − 700eV , the gb ′ − gb ′ elastic scattering cross-section is huge:
Such cross-sections are suggested by the diagram of An upper bound of 10 −24 cm 2 /GeV on the ratio σ/m of the mutual cross-section of dark matter particles to their mass was inferred from the the bullet cluster and from the the fact that halos can maintain their elliptical form [16] . For the gb ′ s with 10 9 − 10 13 larger crosssections and masses smaller by a factor of 10 −6 − 10 −8 this bound is violated by 10 15 − 10 21 ! Most likely this does disqualify the gb's as a dark matter candidate and limits their present allowed cosmological density by ∼ 1/10 of the density of standard CDM : ρ(gb ′ ) ≤ 0.02ρ crit = 50e.V and the corresponding number density by n(gb
These bounds could in principle be evaded if the gb ′ s which do attract each other via a non-saturating force due to gb' exchanges condense into "droplets". The gb ′ s number density For Λ ′ = 100eV and corresponding densities giant solar mass "droplets" would have a radius R droplet bigger than that of the sun by a factor of (ρ(sun)/ρ(droplet)) 1/3 = 1.5 × 10 If the structures considered can also evade gravitational lensing bounds then the gb ′ s may be candidates for a very different kind of CDM. 9 Clearly we need to provide viable scenarios were such giant structures form in the relatively short span between the confinement phase transition at T ∼ 3Λ ′ and the present CMB temperature T = 1/4000eV . Also the droplets may tend to evaporate near the surface because of the self cannibalizing processes of three gb's converting into two gb's which are discussed next and may never achieve these gigantic proportions.
We have not discussed so far the subsequent evolution of the gb ′ s after the confining phase transition which may further decrease their number density beyond the standard dilution by 1/R 3 with R the scale factor in the Robertson -walker expansion.
This in turn is related to another important, unique aspect of the gb ′ s that their strong coupling also prevents many particle collision processes from being parametrically suppressed. Unlike asymmetric CDM where the total (co-moving) number of DM particles is fixed the gb's do not carry any conserved quantum numbers. Furthermore at the confining phase transition, the temperature T ′ = Λ ′ and α ′ = 1. The rates of all many-glue-ball processes are then fixed by dimensional considerations :
where Γ ′ (m, n) is the rate for m(gluon ′ ) → n(gluon ′ ). In particular this applies to 3gb ′ → 2gb ′ s, number changing processes which along with the inverse (2, 3) process keeps the system in chemical equilibrium. Along with the (2, 2) elastic processes which keep the system in kinetic equilibrium this then guarantees the Bose-Einstein form of the co-moving gb ′ densities in each k mode:
The chemical and kinetic thermal equilibrium and the above Bose-Einstein distribution are likely to persist down to very low temperatures and in particular all the way down to the present. To argue for this we focus on the elastic (2, 2) processes and assume that the rates for the (3, 2) and (2, 3) processes are not drastically different. With
Assuming an unattenuated co-moving gb ′ number density namely:
Comparing this to with the rate of Hubble expansion which we assume to be controlled by the radiation in the S.M H ∼ T 2 /M P lanck , we find that the condition for kinetic equilibrium:
Γ(2, 2) ≥ 3H holds down to extremely low temperatures.
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With no chemical potential designed to keep constant the total number of gb ′ s, their number density is exponentially damped by the Boltzmann factor:
This exponential fall-off is in addition to the dilution in proportion to 1/R 3 of n(gb ′ ) where R is the scale factor in the Robertson Walker expanding universe. The latter is implicit in the equation above since the red-shifting of the momenta ksim1/R scales down the volume element in k space:
The conclusion then is that if T ′ decreases in a manner similar to T , the temperature of the ordinary photon gas, then the gb ′ s will effectively disappear.
The manner by which the co-moving number (and energy density) is evolving here seems similar to the way these are reduced in conventional symmetric WIMP scenarios via annihilation into light particles in ,say, the SM sector. The annihilation effectively stops when the temperature falls down to T = T f.o which is a fraction 1/x f.o ∼ 1/20 − 1/30 of the dark matter mass M(X). That happens when the number density of the DM which is suppressed 10 By dimensional arguments the rate of the (3, 2) process is in general also away from the phase transition point:
Assuming that the system of gb ′ s is in thermal equilibrium gb ′ s the co-moving number of gb's has the Boltzmann suppression factor n(gb ′ ) ∼ exp −m(gb ′ )/T ′ . The higher power of n(gb ′ ) in the expression above for the rate of (3, 2) reaction would seem to suggest that once T ′ , the temperatures of the gb ′ sector decreases, the (3, 2) rate is exponentially smaller than the rate of the inverse (2, 3) reaction. This however is not the case. The momentum distribution of the gb ′ s has the equilibrium has the Bose-Einstein form which Boltzmann suppresses also the Kinetic energies of the particles. The center mass energy of the two colliding gb' in the 2 → 3 process, which clearly is smaller than E(k 1 ) + E(k 2 ) has to exceed the 2m(gb ′ ) threshold at least by m(gb ′ ) in order to allow producing the extra gb ′ . This implies that the rate of the 2 → 3 is also also suppressed by exp −m(gb ′ )/T ′ and detailed balance-a condition for the equilibrium distribution in the first place-with matching rates of the 2 → 3 process and its inverse is valid. by the Boltzmann factor of
is small enough so that the rate of annihilation dn X (anni)/n X becomes smaller than the Hubble expansion rate and a final co-moving density of the dark X ( orX) particles often expressed in terms the ratio n(X)/n(γ)-?freezes out? and stays constant.
In the present case the gb ′ are completely decoupled from the SM and they can neither decay nor annihilate. Indeed as indicated in Fig(3) FIGURE 3 HREE g ′ g ′ → gg and the de- The co-moving number of the gb's can then be reduced only via the (3, 2) cannibalizing processes where three gb ′ s in the initial state transform into two higher energy gb's in the final state. The degree to which these processes indeed reduce the gb ′ number and energy density is the issue of interest here. It is equivalent to the question weather the gb's do indeed cool down as the universe expands to temperatures T ′ ≪ m(gb ′ ) so that the Boltzmann factor suppresses their density to almost zero .
The original paper introducing massive, self-cannibalizing bosons as dark matter candidates [17] suggested that no significant cooling or decimation of the gb ′ s via the (3, 2) cannibalization take place.
They argue that since the gb ′ sector is decoupled from the other sectors it is in thermodynamic terms "thermally isolated". It should therefore evolve keeping a constant co-moving entropy. In general the entropy density of a non-interacting species of energy E at a temperature T is s = n.E/T with n the number density. For a gas of photons or relativistic 'radiation in general E is proportional to the temperature T and we have the familiar s(γ) = n(γ). If particles of mass m decay or annihilate and the products are in thermal equilibrium with the ambient gas at a temperature T then the original entropy s = nE/T ∼ nm/T transforms into that of m/T as many photons of energy T each and entropy is conserved. The analysis of [17] then suggested that the co-moving number and energy density would decrease relative to a scenario with a conserved number of CDM particles only by 1/ln(R).
The above logarithmic decrease between the confinement phase transition and the present can be written as ln(λ ′ /T CM B ) −1 = (ln(4. n(gb ′ ) = 4.10 −3 cm −3 − 0.5cm −3 f orΛ ′ = 100 − 1eV and correspondingly:
Thus the gb ′ residual density is too small to allow them being a dark matter candidate a very important point as they would not be an acceptable DM.
For later reference we recall also the low yet non-negligible cooling down of the gb' s with the FRW expansion due to Carlson, Hall and Machacek:
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We can avoid all cosmological issues in Quirk models by assuming that the reheat temperatures after the last relevant inflation were much lower than M(Q ′ ) and small inflanton gluon' coupling. In this case the Quirks and the gluon's -which generate the gb ′ s were never in thermal equilibrium. This simplistic approach will in particular dispense altogether with the gb ′ back-ground.
section III-Quirky strings as lines of communication
After the above rather long preparation we turn to the main focus of this paper the potential use of the string connecting Quirks for long range communication and in the next section its use for acceleration. Thus assume that we found a Q ′ and aQ ′ which were pair-produced at the LHC ( or elsewhere) and managed to embed them in two Piezo-electric crystals or some other appropriate solid state structures and or electromagnetic device. Generating A key technical aspect is the interface between ordinary matter and the Q ′ /g ′ system. In sending a sound wave from the piezoelectric crystal to generate the above transverse phonons traveling with the speed of light we may encounter a huge impedance mismatch and the wave will be largely reflected. We will not address the host of such technical issues here but focus on possible more fundamental limitations.
One question concerns the maximal energy that can be pumped into our signal or into the dominant carrier wave of wavelength λ. Let the amplitude of the signal measured by the transverse rms velocity be v T r . The energy ∆(E) stored in a transmitted wave packet or a string bit of length l = λ has a kinetic part of δ(M).v
T r and an equal potential energy. In principle we can increase this energy by pushing v T all the way to the speed of light. However limitations of material strength suggest that the maximal velocity is the speed of (transverse)sound: v(s) ≤∼ ∼ 3Km/sec = 10 −5 c. Using the above λ = 300 meters and Λ ′ = 100eV we find that
A string stretched along the straight chord connecting any two points on earth would then afford a noiseless, secure line of communication, faster by up to a π/2 factor for antipodal points than ordinary em communication via radio waves proceeding along the earths surface.
For tensions 4Λ ′2 = (3 × 10 −7 − 3 × 10 −3 )dyne we can stretch the string to astronomical distances with minimal effort and negligible energy expenditure. In general the string will be slightly curved due to slow variation of gravity between various points along the string. Since gravity is a weak force we expect that the string in trying to minimize its energy will follow the Geodesic between the two points where the Q ′ andQ ′ are located. This would allow mapping the gravitational field on solar system and larger scales with remarkable accuracy.
We note that for higher scale Λ ′ the limits imposed by dispersion on the shortest carrier wave and on the corresponding maximal rate of transmitted information are weaker. However unless Λ ′ ≤ 200ev the corresponding larger string tensions will pull the Quirks at the end of the string out of the hosting crystal.
While our string and the signal traveling along it are immune to any form of em, cosmic ray or other disturbance by SM particle and fields, it is sensitive to the other Quirk strings and to the gb ′ s, two important issues that we will next discuss.
(IIIA) The difficulty with CR's produced strings and it's resolution
The first issue is again connected with UHE CR's. We need to address effects of their interactions in the inter-stellar medium (ISM) 13 . Assume that such a collision produced a 
where L 18 is the length of the our communication string in units of 10 18 cm or the one light year bench-mark.
Even if just one of these collisions will eventually yield a rogue string which will cut our long string then it becomes useless for very long distance communications.
However we note that a)For M(Q ′ ) = 1T eV , only CR's of energies E ≥ 4M(Q ′ ) 2 /2m(Nucleon) = 10 7 GeV can pair produce the Q ′Q′ and the integrated flux beyond that point
is only a tiny fraction of the total CR flux.
b) The cross-section for this pair production at these energies is only ∼ 10f emtobarn.
With a total proton-proton cross-section of 0.1mb the probability of producing theQ ′ Q ′ pair in a collision is only
Finally a less obvious yet important factor is due to the fact that c)The proton number density of 1/cm 3 in the ISM yields a mean free path of the UHE(CR) 14 : l mf p = 10 25 cm or travel time of
The analysis of Q ′Q′ production in vacuum ( see subsection (iii) of Sec II above) and the evolution of the resulting short string showed that the Q ′q andQ ′ q at the ends of the string oscillate, collide and loose energy in each collision. After a time t Q ′ .F (in the lab or galactic frame) they form a Quirkonium and annihilate.
Specifically we found for Λ ′ = 100eV and Λ ′ = 1eV that t Q ′ ,F = 10
Thus the production event has to happen within the last 0.1 − 10 3 seconds travel time from our string rather than the 3. In the conclusion of sec II above we found a residual number density of the gb ′ s at present ranging over :
.
What "noise" impeding our string communication can be generated by a gb' background characterized by it's mass m(gb ′ ), number density n(gb ′ ), and velocity v ′ .
The string and the gb ′ are made of the same SU(N ′ ) gauge fields which at the relevant a ′ = Λ ′−1 scale are strongly interacting. The cross-section that a string bit of length l and thickness a ′ ∼ 1/lambda ′ presents to a gb ′ is then la ′ and during time t N = n ′ v ′ a ′ lt glueballs collide with the string bit. Let us assume that the string bit has length l = λ, the carrier wavelength encoding one bit of information of the message sent over a distance L. During its travel time,t travel = L/c this bit suffers
collisions where a ′ = 2.10 Can we then transmit information subjected to this barrage of gb ′ s to such a distance?
To answer this question we need to find the impact of any single gb ′ collision. If the gb ′ sticks to and becomes part of the string it transfers it's full rest mass namely: m(gb ′ )c 2 = 7Λ ′ = (700 − 7)eV for the (100 − 1)eV SU(N ′ ) scale Λ ′ . We find that altogether To visualize the above argument we can utilize the string theoretic picture where the glue-ball is a small closed string or flux tube turned into a torus.
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As illustrated in Fig (6) the capturing of the gb ′ requires that both the long linear string issue has been encountered earlier [7] in connection with the inverse process. We wondered then if the string between the Q ′ andQ ′ quickly shortens by evaporating gb ′ s at a uniform rate all along its length a possibility which is ruled out by the very same argument as above.
Let us next consider elastic gb ′ scattering off our string bit of length l = λ. Only the fraction f of the kinetic energy m(gb ′ )v ′2 of the scattered glue-ball which is transferred into string modes with the carrier frequency ω 0 = λ/c is relevant. Higher frequencies contribute "white noise" readily filtered by Fourier transforming and cannot destroy the signal. To estimate the fraction f we note that the range a ′ of the g ′ forces in the present confining phase, which is also the thickness of the g ′ string, yields an effective time duration of the gb ′ -string' encounter of order:
The key point is an impulsive and local pinching of the string is not likely to produce perturbations (i.e waves) on the scale λ and with the frequency ω(0) = c/λ. Indeed Fourier transforming the gb' -string impulsive interaction of duration δ(t) and squaring the resulting amplitude we find :
The above assumed a sharp square well type form for the pulse .The fall off of the interaction with distance ( and with time) is much more gradual which considerably strengthens the present argument. Thus had it been a Yukawa type interaction we would have a quadratic fall-off of the amplitude and a much faster quartic fall off: f = (a ′ /λ) 4 . Inserting even the more conservative damping factor into our earlier estimate of the ?Noise? energy ∆(W ) and substituting the kinetic energy m(gb ′ )v ′2 of the gb ′ , instead of m(gb ′ ).c 2 for the energy transported in an individual gb ′ collision we find that the relevant noise energy at the frequency considered is:
The factor f was added as the forth factor in square [..] bracket on the second line and dimensionless quantities ( including Λ ′ .a ′ = 1) in the last line.
The issue is then weather this noise energy ∆(W ) exceeds the actual energy carried in the string bit of length λ which was estimated above: ∆(E) = λ.4Λ ′2 u 2 with u ∼ 10 −5 c the sound velocity. The ratio r = ∆(W )/∆(E) then is: factor of a million. Also just as for ordinary radio cellular communications the range can be increased by using amplifying relay stations at the junctures of consecutive Quirk strings.
"Modest" L = 10 15 cm = solar system size communication goals could be achieved even for a gb ′ background with the same number density as that of the original gluon's, the latter being less than half of that of a single neutrino: n(gb
7 Sec IV. Can Quirky strings accelerate particles to very high energy?
The UHE cosmic rays CR's at ∼ 10 11 GeV are the highest energy "almost" elementary particles known. Used as projectile on fixed target protons they can generate cm energy W = (2m(N).E CR ) 1/2 of up to 500T eV , forty times larger than that of the LHC. If SU(N ′ ) strings of the form discussed above with string tensions σ ′ = (4 − 4.10 4 ) ( eV ) 2 exist then they can accelerate the Quirks and the embedding nuclei at the end of the string to far higher CM energies.
Assume that the grains embedding the Quirks at the ends of the string were separated to a distance L S ranging between 10 9 cm, earth's diameter size, to solar system 10 15 cm sizes.
The energy stored in the string is then ∼ 10 2 − 10 6 and10 8 − 10 12 T eV respectively where the inner range corresponds to Λ ′ = 1 − 100eV or a string tension σ ′ = 4 − 4.10 4 eV 2 .
We evaporate via an intense laser pulse, or otherwise, the grains in which the An earlier work [19] argued that no device can accelerate a single "elementary particle"
to energies exceeding M P lanck . No single overriding argument was invoked but many putative Planck accelerators were shown to fail in the context of existing physical laws and materials 16 If some small grains still stick to the heavy mesons M andM at the end of the string they will be anyway evaporated early on by the impact of the CMB photons. The ∼ 3Kelvin temperature of the latter is blue shifted by a Lorentz factor γ in the grains rest frame and once γ ≤ 10 3 will melt and vaporize it away.
and our astrophysical milieu The relevant process is analogous to inelastic scattering of electrons off protons, where the role of the energetic electron is played by the Quirk, the exchanged photon is replaced by 17 From some prospective this may be fortunate as such collisions could produce mini-black hole which if they are stable enough against Hawking radiation, may grow and 'eat up? earth or more. The idea and ensuing concern that even at the LHC some much lighter mini-black holes associated with a much lower Planck scale of a theory with extra dimensions, can be produced and have catastrophic consequences has been debunked as such objects would have been produced long ago by UHE CR's of energies exceeding that of LHC. Since cosmic ray energies are twenty seven orders of magnitude short of producing true Planck mass particles this argument is not applicable here. proton-proton machine. Furthermore the much bigger cross-section for the mutual scattering the attached q andq may prevent us from having in most cases even one high energy collision of the quirks before they will slow down and stop even in complete vacuum.
Other hurdles impeding our Quirk accelerators include the following: Unless we shield the galactic B fields all along the L = 10 18 cm acceleration path the transverse deflections of the Q' and bar Q': δ(y) = L 2 /R Gyr = 10 9 cm due to the galactic B fields will now be much larger then in the case of L ′ = 10 4 cm long rogue strings studied at the conclusion of sec III.
Due to the much higher energy the Gyro radius here is R/R suggest that also the spontaneously generate effective Quirk masses M(Q ′ ) ∼ Λ ′′ . These confined Fermion" cannot be the Quirks of the above Quirk model as they are confined at a very short, 1/Λ ′′ , distance.
However the SXSB associated with generating Quirk masses leads also to pseudo-scalar Nambu Goldstone bosons (PNGB). Again following the known pattern in QCD only those bosons which are not complete singlets namely those which carry also color and or color ' remain light. They do however get radiative masses due to color and or color' interaction of order α(QCD)Λ ′′ or α ′ .Λ ′′ . These spin-less particles, rather than the Original confined 20T eV then radiative masses of order few T eV naturally result for them.
Many such PNGB particles exist and the ones we are interested in, those which carry both ordinary color and color' are not the lightest ones. The PNGB's which carry just SU(2 ′ ) quantum numbers will not be produced in the LHC and those which carry only SU(3) c will be produced but with no long strings attached will have no distinctive characteristics.
Unfortunately we need to avoid decays of our heavier bosonic Quirks which carry both QCD color and color' into lighter ones carrying just one of the two colors. While this can be achieved it complicates this otherwise simple and suggestive picture.
We have assumed that the Quirks are matter-anti-matter (charge conjugation) symmetric.
Absent a framework explaining their mass it would be even more futile to try and estimate a possibly asymmetry in the Quirk sector (which is clearly the case recalling that we do not have a compelling explanation of our baryon-anti-baryon asymmetry)
Let us still assume that some small fraction η Q ′ of the quirks consistent with them being (part of) the CDM remained after the symmetric part annihilated. As described in II above ,in the N ′ c = 3 case, these will be mainly in the form of tightly bound Q ′3 ordinary color singlet baryons which are however SU(3 ′ ) deca-plets. Early on these baryons can form a new type of (dark?) matter.
As noted earlier their hidden color may still generate cross-sections which will allow detecting them in direct DM searches. There is also another very interesting possibility. Still we note that having novel supper-dense and supper-strong materials may opens new technologies, particularly if they could be integrated with ordinary matter.
Thus the Quirk model considered offers two new types of matter one of which, the gb ′ s droplets, having density of Λ ′4 which is about 10 4 times more dilute than that of the above quirk grains.
Sec VII Summary and conclusions
We have no evidence nor any good motivation for Quirks in general and for Quirks with the Λ ′ in the range required for communication and or acceleration in particular. The above amusing exercise of discussing this possibility involved many physics issues. The very fact that particles of potential technological use can exist and be produced by the LHC (or similar higher energy machines) is in itself of great importance.
Indeed for the last several decades it was taken for granted that no technological implications will trace back directly to particles discovered in HE accelerators. Still this research which is becoming almost prohibitively expensive is vigorously pursued by several international collaborations. The returns beside various spin-offs are in the realm of extending our fundamental knowledge of nature. This attitude was most nicely expressed by Robert
Wilson who, when asked by a congressman, what contribution the then planned Fermi-lab accelerators, would make to the defense of the US, answered: "none, but it will make it more worth defending!"
As a member of the high energy scientific community which greatly benefited from this attitude and by conviction I espouse this attitude. Still refuting the complete impossibility of benefiting directly from possible future discoveries along the above or similar lines is worthwhile.
11 Acknowledgemnts: 18 Extra-terrestrial, intelligent life has been a long standing conjecture and the efforts to detect signals from advanced technological societies on extra-solar planets motivated the SETI project. Various arguments suggest that this is prone to fail, even if highly advanced extra-solar societies do exist. In particular the extremely advanced pattern of communication and the actual physical carriers of information used by these societies may be very different from ours. Our efforts to detect signals sent by them via radio waves or optical photons may then be as futile as those of Amoebas trying to listen to and appreciate a piece of classical music (Assuming that some-one cared to play it for them...) Clearly the existence of advanced extra-solar societies which are attempting to communicate with us and of technologically useful quirks are logically distinct possibilities each with unknown and small probability. Yet if both are realized then most likely the extra-terrestrials (E.T's) have already discovered Quirks and use them as means of communication.
